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Abstract

Patients with metastatic uveal melanoma (UM) have a poor prognosis. While long-
term survival data in cutaneous melanoma (CM) are promising, such data are lacking
in UM and long-term survivors are rare. In cases of metastases, the liver is affected in
90% of cases and is the main determinant of life expectancy. Immune checkpoint
inhibitors (ICl) are less effective in UM than in CM. Therefore, liver-directed therapies
are of high relevance. We evaluated a large cohort of UM patients (n = 167) who
had developed liver metastases between 2005 and 2021. We focused on patients
who survived 3 years or more from the initial diagnosis of liver metastases and pre-
cisely characterized this cohort with regard to systemic therapies (ST) and liver-
specific procedures applied. The last follow-up (FU) date was October 31, 2024. We
identified 33 long-term survivors, representing 20% of the total cohort. Most
patients had additional extrahepatic metastases (23/33; 70%), while 10 patients had
liver metastases only. First-line treatment in the metastatic setting consisted of liver-
directed therapies in most of the cases (27/33; 82%). 90% of the patients had
received at least one liver-specific procedure at any time point during FU and 85%
had received ICI at any time point. Response evaluation revealed a high percentage
of patients with disease control (DC) after the first ST (17/27; 63%) or first liver-
specific therapy (27/29; 93%), respectively. Notably, all patients with chemosatura-
tion as their first liver-specific procedure achieved DC. Further data are needed on

the combination of liver-directed therapy and ST, such as IClI or Tebentafusp.
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What's New?

warranted.

1 | INTRODUCTION

Long-term survival in stage IV cutaneous melanoma (CM) has become
increasingly achievable with the approval of targeted therapies
(TT) and immune checkpoint inhibitors (ICI).1™3 For patients treated
with first-line combination ICI using ipilimumab and nivolumab, the
10-year melanoma-specific survival (MSS) exceeds 50%.5* However,
metastatic uveal melanoma (UM) still exhibits poor survival.””” Three-
year follow-up (FU) data from Tebentafusp, a T-cell receptor-
bispecific molecule targeting glycoprotein 100 and CD3, that had
been approved for metastatic UM, reports a median overall survival
(OS) of 21.6 months in the Tebentafusp group compared to
16.9 months in the control group (investigator's choice). The esti-
mated 3-year survival rate was 27% in the Tebentafusp group and
18% in the control group. A retrospective analysis of 89 patients with
metastatic UM found a similar median OS of 21.8 months (95% confi-
dence interval (Cl), 16.6-31.3). Additionally, this study identified the
development of extrahepatic-only metastases, an Eastern Cooperative
Oncology Group (ECOG) performance status of O, prior ICl, and
female sex as factors associated with more than a two-fold reduction
in mortality risk.?

Systemic therapy in UM still has its limits, which makes liver-
directed procedures such as percutaneous hepatic perfusion (PHP)
(also called chemosaturation) highly relevant. For the PHP procedure
high-dose chemotherapy (Melphalan) is directly applied to the
hepatic arteries while the venous outflow of the liver is vacuumed
up and filtered by an extracorporeal filter system to avoid systemic
effects of Melphalan. A multicentric Phase Ill trial including patients
with unresectable metastasized UM receiving Melphalan-PHP
showed an objective response rate (ORR) of 36.3%, a median
progression-free survival (PFS) of 9 months and a median OS of
20.5 months.’® This highlights the promising outcomes of PHP.
Another retrospective study showed that UM patients with liver
metastases receiving first-line Melphalan-PHP treatment showed
significantly higher hepatic PFS (median: 17.6 months) and overall
PFS (median: 15.4 months) compared to a group of patients receiv-
ing immunotherapy or other liver-directed therapies. Similar out-
comes were shown in patients receiving PHP as a second-line

treatment.*?

Liver metastasis is an indicator of life expectancy for patients with advanced uveal mela-
noma (UM). Data on anticipated survival time following the diagnosis of liver metastasis,
however, is lacking. The present study analyzed long-term survival among UM patients who
lived three or more years after liver metastases were diagnosed. Although outcomes for
metastatic UM were generally poor, one-fifth of patients survived three or more years.
Most patients developed extrahepatic metastases in addition to liver metastases, and the
majority showed disease control after the first liver-specific therapy. Further investigation

of survival among UM patients following systemic versus liver-directed treatment is

There is a general trend that liver-directed therapy is associ-
ated with higher survival rates: A retrospective analysis showed a cor-
relation between higher survival and first-line liver-directed therapies
than first-line systemic therapies (ST). Furthermore, the median MSS
was higher in patients receiving liver-directed therapy (MSS:
28 months) than in those patients receiving systemic therapy as a first
therapy (MSS: 10 months).*

In this study, we present data on UM long-term survivors, defined
as patients who survived three or more years following the initial diag-
nosis of liver metastases. We provide a comprehensive characteriza-
tion of this cohort, with a particular focus on ST and liver-directed
treatment strategies.

2 | METHODS

21 | Study design

The study was designed as a retrospective analysis of a large
cohort of patients diagnosed with metastatic UM who developed
liver metastases between 2005 and 2021 and had been treated
at the University Hospital of Tuebingen. The patients were identi-
fied using the Central Malignant Melanoma Registry (CMMR).

We collected information from the medical records on the
type of systemic therapy and liver-specific therapy received as a treat-
ment of the metastases from UM. The last FU date was October
31, 2024.

Liver-specific therapies (LT) included radiofrequency ablation, sur-
gery, stereotactic radiosurgery, chemosaturation, radioembolization,
and transarterial chemoembolization.

ST were differentiated by immune ICl, chemotherapy and
other ST.

Response assessment was based on the medical records including
the information provided by the interdisciplinary tumor boards and
grouped according to the revised response evaluation criteria in
solid tumors (RECIST) guidelines (version 1.1)'2 with complete
response (CR), partial response (PR), stable disease (SD), or progres-
sive disease (PD) as possible outcomes. SD, PR and CR are all defined

as disease control (DC).
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The median OS was defined as the time between the start of
the first liver-specific treatment or first systemic therapy and
death or last contact date if the patient was alive. Progression-
free survival (PFS) was defined as the time between the start of
treatment and progression and death or last contact date if the

patient was alive.

2.2 | Statistical analysis

Descriptive statistical analysis was performed using IBM SPSS Statis-
tics 28.0.0.0 (IBM, New York, USA). Figures were designed using
GraphPad PRISM 9.5.0 (Dotmatics, Boston, USA). Categorical vari-
ables are given as absolute frequencies and percentages, while quanti-
tative variables are shown as medians with interquartile ranges (IQR)
(Table 1).

TABLE 1 Baseline patient characteristics total cohort.
N %

Female 21 63.6
Male 12 364
Months between initial diagnosis and first liver metastasis

Median [range] 36 [2-338]
Age at the time of first liver metastasis

Median [range] 62 [41-85]
Age at the time of first diagnosis of UM

Median [range] 56 [35-82]
Months between first liver metastasis and
last contact

Median [range] 55 [36-126]
Presence of liver metastases 33 100.0
Only liver metastases 10 30.3
Still alive at the time of evaluation 15 45.5
Still receiving systemic therapy at the time 2 6.1
of evaluation
ICI at any time point

Yes 28 84.8

No 5 15.2
Liver-specific therapy at any time point

Yes (chemosaturation included) 30 90.9

No liver-specific local therapy 3 9.1
Chemosaturation at any time point

Yes (chemosaturation performed) 17 51.5

No (chemosaturation not performed) 16 48.5
21 systemic therapy 28 84.5
>2 systemic therapies 19 57.6
>3 systemic therapies 9 27.3

Note: Following abbreviations are used: no data available (n/d), central
nervous system (CNS).
Abbreviations: ICl, immune checkpoint inhibitors; UM, uveal melanoma.
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3 | RESULTS

3.1 | Patient characteristics

One hundred and sixty-seven patients with UM and liver metastases
diagnosed at the University Hospital of Tuebingen between 2005 and
2021 were identified from the CMMR. Twenty percent of these
patients (n = 33) had an OS of at least 3 years from the initial diagno-
sis of liver metastases. These patients represent the entire cohort of
long-term survivors. Of the patients in this cohort, 63.6% were female
and 36.4% were male.

The median time period between the initial diagnosis of UM and
first detection of liver metastasis was 36 months (IQR = 83.5 months).
The median age of the patients at the time of liver metastasis was
62 years (IQR = 17.5 years) (Table 1).

3.2 | Applied systemic therapies

Most of the long-term survivors (85%, 28/33) had received ICI ther-
apy at any time point. The majority of these patients (63%, 17/27
[unknown response for one patient]) showed DC on the first systemic
therapy applied, which was ICl in all these patients (28/28, 100%). ICI
therapy consisted of ipilimumab monotherapy, ipilimumab and nivolu-
mab combined, pembrolizumab or nivolumab monotherapy. The
median PFS in patients receiving ICl as first systemic therapy was
5.55 months and the OS was 35.99 months. The greater part of
patients (17/28, 61%) had combined ipilimumab/nivolumab therapy.
About one-third (27%) of patients received at least three ST in total
(Figure 1, Table S2). Regarding the patients who did not receive ICI
therapy at any time (15%, 5/33), four patients received only liver-
directed therapy, and one patient received a study therapy. It is of
interest that in these patients (n = 5), long-term survival was seen

despite not receiving ICl therapy at any time point.

3.3 | Liver-specific therapies
Response evaluation revealed a high percentage of patients with DC
at the first liver-specific therapy (27/29; 93%).

First-line treatment after the diagnosis of liver metastases con-
sisted in most of the cases of LT (27/33; 82%). Most of the patients
(90%) received at least one liver-specific procedure at any time point
until the last date of FU. 49% of the patients received at least three
LT in total. 89% (8/9) of the patients receiving surgery as a first liver-
specific therapy showed a CR (Figure 1A). A detailed description of
the LT received can be found in Table S1.

3.4 | Chemosaturation therapy

Fifty-two percent of the patients received chemosaturation at any time

point. The median OS of those patients was 37.35 months, with the
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median PFS 10.28 months. The majority of patients (16/17; 94.12%)
receiving chemosaturation also received ICl therapy, while 75% (12/16)

of the patients that did not receive chemosaturation, received ICI. All

(A)

(9/13, 69%) was PR, while three of the patients had SD.
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FIGURE 1 Legend on next page.

patients (13/13, 100%) that received chemosaturation as the first liver-
specific therapy had DC. The best response in nine of those patients
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4 | DISCUSSION

Metastatic UM remains a clinical challenge with limited treatment
options and poor prognosis.*> When complete resection of metastases
is feasible in patients with UM, surgery is typically the preferred
approach and is associated with the most favorable outcomes as first
liver-directed therapy.** If liver metastases cannot be removed, che-
mosaturation is an effective treatment approach. It is remarkable that
all patients in our cohort with chemosaturation as a first liver-specific
therapy achieved DC. Regarding the ST we have found that most
patients had DC on ICI therapy. It has to be considered, that 68%
(19/28) of these patients had additional extrahepatic metastases.

Since most patients in our specific cohort had extrahepatic metas-
tases and a relatively large number of patients achieved DC with ICl, a
potential link between the presence of extrahepatic metastases and
response to ICl therapy could be assumed in our cohort. To further
validate this observation further prospective studies are needed.

In addition, there are several publications reporting on worse out-
comes in patients with liver metastases in patients with melanoma
and IC.***>

The reasons for the reduced efficacy of ICl in liver metastases are
not completely understood. In general, the liver is known to be able to
induce immune tolerance and thus suppress immune activation.'®
One explanation could be the reduced number of CD3+ T cells in liver
metastases compared to other metastases. Therefore, the microenvi-
ronment of the liver might directly contribute to an inhibition of effec-
tive antitumor effects of 1CI.Y”

For these reasons, the combination of ICI (for extrahepatic
tumor control) and PHP (for hepatic tumor control) seems to be
reasonable.

A phase Ib trial combining ICI therapy with Melphalan-PHP
revealed that Melphalan-PHP combined with 1 mg/kg ipilimumab and
3 mg/kg nivolumab seems to be a safe treatment approach. The
median PFS in these patients was 29.1 months, the ORR 85.7% and
the DC rate 100%.'® Compared to the results of PHP or ICI alone, the
results of a combinatory treatment approach are promising. The main
idea of the study was based on the hypothesis that hepatic metasta-
ses can be controlled with PHP while extrahepatic metastases need to

be controlled with systemic therapy such as ICl therapy.

Many patients in our cohort of long-term survivors received both,
ICI and PHP therapy (n = 15). This also indicates that the combined
approach appears to be associated with a better outcome. Twelve
patients in our cohort only had PHP, without additional ICI as they
had only hepatic metastases. The high chance of effective DC with
PHP therapy is underlined by the studies of Ghali et al. and Zager
et al. that highlight excellent response rates and long PFS in patients
with metastasized UM and PHP therapy.1®!? In the case of additional
extrahepatic metastases, additional systemic treatment approaches
such as ICl or Tebentafusp are warranted.

Current data® revealed promising data on OS in UM patients
receiving Tebentafusp. Therefore, studies on combined treatment
approaches with PHP and Tebentafusp are needed in the future.

5 | LIMITATIONS OF THIS STUDY

The main limitations of this study are the small cohort size (n = 33)
and the retrospective, single-center study design at a university hospi-
tal. Because of the retrospective design, a lead-time bias cannot be
ruled out, as imaging of the entire cohort prior to distant metastasis
was not performed at uniform time points. The observation of the ret-
rospective cohort started with the first distant metastasis. Neverthe-
less, our study contains relevant findings that have not yet been
reported in such detail. It is an important finding that even in the met-
astatic setting of UM patients, long-term survival can be achieved in

individual cases.
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FIGURE 1

(A) Best response and time to progression of first three liver-specific therapies (LT). Each bar represents the time

(in months) between a LT and the time to progression after that therapy for each individual patient whose number is noted to the right of
the response column. The following color code is used for the LT: radiofrequency ablation (black), surgery (blue), stereotactic radiosurgery
(orange), chemosaturation (gray), selective internal radiotherapy (purple) and transarterial chemoembolization (white with black border).
One patient was excluded due to missing data on the best response of therapy. Three patients did not receive any LT and are therefore
not shown in the figure. Deceased patients are indicated by f. One patient who did not experienced disease progression after the most
recent liver therapy is marked with (*). The length of the bar for this patient reflects the period between the date of liver therapy and the
last documented date of contact. The vertical column shows the best response with each LT. Dark green: Complete remission (CR) or no
evidence of disease, medium green: partial remission (PR), light green: stable disease (SD), red: progressive disease (PD). (B) Best response
and duration of first three systemic therapies (ST). Each bar shows the duration of ST (in months). The following color code is used:
Immune checkpoint inhibition (black), chemotherapy (blue) and other therapies (orange). One patient was excluded due to missing data on
the best response and duration of therapy. Five patients did not receive any ST. Deceased patients are indicated by . Patients still
receiving ST at the time of evaluation are marked with (*). The vertical column shows the best response with each ST. Dark green: CR,

medium green: PR, light green: SD, red: PD.
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